The dielectric properties of some cadmium and mercury amino alcohol complexes were studied within the temperature range of 100-300 K at the frequencies of 100, 300 and 1000 kHz. The polarization mechanisms are suggested and the dependence of both e and tg d on both temperature and frequency are analyzed. The analysis of the data reveals semi-conducting features based mainly on the hopping mechanism.
INTRODUCTION
Amino alcohol complexes find progressive application in different fields: buffers, 1 catalysts, 2 inhibitors, 3 ion exchangers, 4 additives in building materials, 5 electroplating 6 and dyes. 7 In our laboratory, their structural chemistry have been investigated in depth using different spectroscopic and thermal methods of analysis. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] As a continuation of this work, the dielectric properties of the entitled complexes were studied as a function of both temperature and frequency. This gives deeper insight into the structure of these complexes. The following skeleton is given for the ligands: 
EXPERIMENTAL
The solid metal-amino alcohol complexes were prepared by mixing the required weight of the metal salt (Cd II and Hg II ) dissolved in the least amount of water with the calculated amount of the ligand saturated with ethanol. The mixture was refluxed for about 5 min. The complexes were precipitated and filtered, washed several times with a mixture of EtOH-H 2 O solvent and then dried in a vacuum desiccator over anhydrous CaCl 2 .
The metal ion contents were determined by complexometric titration procedures. 25, 26 The halogen content was determined by titration with a standard Hg(NO 3 ) 2 solution using diphenyl carbazone as the indicator, 24 ,25 the sulphate content was determined gravimetrically as BaSO 4 . 26 The analytical data and m.p. of the prepared complexes are collected in Table I . 
The complexes were pressed into discs of 10 mm diameter and 1-2 mm thickness at a pressure of 9.8´10 8 Pa. Silver paste was painted on the major faces of each test piece as electrodes. The measurements of the permittivity and the dielectric loss were performed at the frequencies of 100, 300 and 1000 kHz in the temperature range 100-300 K using an LCR meter (4275A) (Institute of Physics, A. Mickiewicz University, Poznan, Poland).
RESULTS AND DISCUSSION
The permittivity values of the Td [Cd(MEA)SO 4 ] complex, Fig. 1 , were constant up to 215 K, after which they increased successively with increasing temperature, the relative permittivity values ranged from 10 to 70. The behaviour of the dielectric loss values indicates a polar polarization mechanism, where its values are affected by both temperature and frequency, Fig. 1 Fig. 2 , are in the range of 10-50, i.e., less than that of the Td [Cd(MEA)SO 4 ] complex. This remarkable feature was observed for both the mono-and triethanolamine complexes, Figs. 1, 2, 5 and 6. This finding is opposite to that of the zinc complexes. 27 Comparing the behaviour of the diethanolamine complexes, Figs. 3 and 4, it is found that both e and tg d are higher in case of the Td complex than those of the Oh complex. This may be due to the Td complex existing in two different phases. This is confirmed from the sudden drop in the e values at 150-160 K.
In a similar way, the following conclusions can be made for the mercury complexes:
i In conclusion, the position of the metals in the periodic table plays a major role in controlling their behaviour. The gradual change from 4d to 5d (i.e., from Cd to Hg) results in the stepwise decrease of the permittivity and dielectric loss values.
The temperature dependence of t can be expressed for thermally activated processes as: 28 t = t o exp (E o /RT), where t o is a constant characteristic relaxation time and represents the time of a single oscillation of a dipole in a potential well. E o is the energy of activation of the relaxation of a dipole and represents the average or most probable value of a spread of relaxation time.
From the analysis of the dielectric data of Cd-, and Hg-amino alcohol complexes, the relationships between the different dielectric parameters are obtained and are given in Table II On the other hand, changing the central metal ion from 3d to 5d, the relative permittivity and the dielectric loss values decrease. The data are fairly in harmony with the physical properties of the metal, especially from its electronic structure. 
Methods of calculations
The locus e', real value of permittivity, and e'', imaginary value of permittivity, for various frequencies in rectangular axes of coordinates e', e'' should form a semi-circle for polar compounds, with the center lying axis with coordinates (e o ± e ¥ )/2. 28 e o is the static permittivity at direct voltage and e ¥ is the optical permittivity for very high frequencies approaching the frequencies of light oscillators. 28 The dielectric loss, tg d, value depends on various external factors. The behaviour of the dielectric loss at the low frequencies is related to the character of the phase transition. In some cases, nucleation of a new phase and the further growth of the nuclei are regarded as the main source of the peak value for tg d at the phase transition temperature.
The familiar dielectric function, e, may be expressed in terms of: e = e'-ie''(i = -1, e' and e'' have both been defined before).
A semi circle is obtained on plotting e'against e''for each temperature. The centers of the semi-circles lie below the abscissa axes. This semi-circle Cole-Cole diagram has been used to determine the distribution parameter a, the macroscopic relaxation time t o and the molecular relaxation time t. 28, 29 Knowing a, t o can be determined using the relation: U/V = (wt o ) 1-a . U is the distance on the Cole-Cole diagram between the static dielectric constant e o and the experimental point, V is the distance between that point and the optical dielectric constant, e ¥ and w is the angular frequency, w = 2pn. The parameter a equals zero when the compound has only one relaxation time, whereas, for a series of relaxation times, the value of a varies between 0 and 1. The extent of the distribution of relaxation times increases with increasing parameter a. On the other hand, the value of t o decreases with increasing temperature. 29 The molecular relaxation The temperature dependence of t can be expressed by a thermally activated process in the frame of an Arrhenius concept of the type: 30,31 t = t o exp (-E o /kT), where t o is a constant characteristic of the relaxation time and represents the time of a single oscillation of a dipole in a potential well. E o is the energy of activation for the relaxation of the dipole, t represents the average or most probable value of the spread of the relaxation times.
In conclusion, the relative permittivity and dielectric loss values for the amino alcohol complexes indicate a dipolar mechanism of polarization.
The data reveals semi-conducting features based mainly on the hopping mechanism. 
